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ABSTRACT
Traditionally, the cyclical construction of commercial real
estate in the United States has been in response to the inventory
of vacant space and economic recessions. Today, despite slowing
economic growth and record level office-space surpluses, there
exists a national nonresidential building boom. The capital
markets are funding nonresidential real estate construction and
investment at rates which have never historically existed.
Commercial mortgages over the past twenty years will be examined
in an effort to explore the relationships between the commercial
real estate market and the supply and demand for credit.
A formula using commercial real estate construction
variables is developed to model the demand for net flows of
commercial mortgages from two perspectives. The first is a
determination of commercial mortgage demand which is attributable
to the refinancing of existing properties. The second is of
commercial mortgage demand which is determined by permanent
financing placed on new non-residential construction.
The supply of commercial mortgage debt is modelled by a
second formula consisting of financial variables. It is from
this equation that a financial intermediary's willingness and
ability to make commercial real estate loans is examined.
Using the two, supply and demand equations together, an
analysis of the interaction between the forces which drive the
real estate and financial markets is developed to understand
better the net flow of commercial mortgages. The model's two
equation framework will be used to endogenously determine two
variables, the net flow of commercial mortgages and the real rate
of interest on long term commercial loans. This will be the
reduced form of the model from which the observations and
conclusions will be drawn.
Thesis Supervisor: Daniel Holland
Title: Professor of Finance
ACKNOWLEDGMENTS
I would like to thank Professor Daniel Holland, my thesis
supervisor, for his cooperation and insightful comments which
were extremely helpful. Also, a special thanks to Professor
William Wheaton for his guidance and suggestions during the
preparation of this study.
This thesis is dedicated to my loving wife Andrea.
Table of Contents
P~ge
a5. 2
Abstract . .......................................
Table of Contents and List of Exhibits
Chapter
I. Introduction ..................
II. The Supply and Demand Framework
III. The Mortgage Market Model ..
IV. The Variables ..............
Interest and Inflation R
Vacancy Rates ..........
New Construction .......
Value of Existing Stock
Opportunity Costs of Cap
Commercial Mortgages ...
ERTA and Depreciation ..
Exchange Value of the U.
Total Financial Assets .
V. Findings and Analysis ......
The Demand Equation ....
The Supply Equation ....
ates
ital
.aaa
Dol
....
lar ..
VI. The Demand and Supply Interaction
VII. Conclusion and Future Prospects ........................
.n.a ....
.. **.....
----.....
aaaaa. .aaa
· ·
I·
r·
rr
r·
rr
rr
.
rrrrrrr
rirrrrr
a a aa
a aa aa 6
14
19
21
21
23
24
25
26
26
28
28
29
30
30
37
41
46
rrrr
rrrr
rr··
..
--
I
rr~··
· rrr·
rrr··
rrrr·
~r~rr
rr···
rrrr
rrrr
rrrr
rrrr
rr·r
a ...
. . .
....
rrirr
· ~r·r
rrrrr
~rrrr
r·r·r
r~rrr
· rrrr
........
.........a .a aaa
... a.a.W.
rr·r
· rrr
rrrr
rrri
Table of Contents (Continued)
Appendix A.
Appendix B
Appendix C
Appendix D
References
Pa
Reduced Form of The Model in Constant Dollars ...
Financial Benefit of Depreciation Rules ........
Variable Data ......... ,, .......................
Commercial Mortgage Market Forecast .............
List of Exhibits
Unadjusted Net Flows of Commercial Mortgages
(1980-1984 ) ...........................................
Various Rates of Return on Investments ................
Pension Fund Asset Allocation .........................
Sales of Limited Partnership Interests in Public
Real Estate Syndications (1981-1985) ..................
Total Mortgage Debt (1977-1984) .......................
Financial Advantages of Depreciation Rules ............
Variable Correlation Matrix ...........................
Demand Equation Summary Table ..............................
Supply Equation Summary Table .........................
Estimated Changes in Components of MORT and RR ........
VII.2 A Five Year Forecast of Net Flows of Commercial
Mortgages and the Real Rate of Interest on Commercial
Mortgages ............................. ,,,,,, ......
56
57
60
61
69
Number
1.1
1.5
IV.2
V. 1
V.2
V.3
VII. 1
7
8
9
11
13
28
33
36
40
54
I. Introduction
In the past, overbuilding has been related to the general
business cycle, stopping whenever big space surpluses appeared.
Only when vacancies fell, did new office construction start
again. However, in the 1980's office-space construction has not
abated, in spite of rising vacancy levels.
According to a recent study by Grubb & Ellis, Company
<National Real Estate Investor, Dec 1985 pg. 26> office vacancy
in major metropolitan areas has risen from less than five percent
in 1981 to over sixteen percent in downtowns and almost twenty
percent in suburbs in 1985. They estimate that during the summer
of 1985, 156 million square feet of new commercial office-space
was being built in twenty-two regional markets. But, total
absorption within these markets was less than half that amount
during the previous "boom" year. Due to this, vacancy rates will
continue to rise even further in most markets over the next two
years.
Since 1982, capital has come into nonresidential markets
from five sources: savings and loans, commercial and investment
banks, syndicators, foreign investors and life insurance
companies (see Exhibit I.1). Each source continues to invest in
nonresidential real estate construction even in light of the
increasing high vacancy risks.
For savings and loans, banks, and insurance companies, the
benefit of real estate is high yields and an investment which is
believed to provide a good hedge against inflation. Over the
past decade, equity real estate investments and mortgage debt
have furnished higher yields than most of the available
alternative investments.
Table I.1
Unadjusted Net Flows of Commercial Mortgages
(Billions of Dollars)
% Change
1980 1981 1982 1983 1984 1982-1984
Commercial Banks 4.8 9.8 11.8 17.7 26.7 126.3%
Savings Institutions 1.6 1.9 4.6 15.4 18.8 308.7
Insurance, Pensions,
Finance Companies 10.8 8.8 6.2 11.8 9.8 58.1
Households .9 1.1 1.2 2.1 2.9 141.7
Total 18.1 21.6 23.8 47.0 58.2 144.5
source: 1) Flow of Funds Accounts, Third Quarter 1985
2) Downs, 1he Revolution of Real Estate Finance, 1985 pg 316
note: Estimates for the household sector are almost entirely
residual and derived from data for other sectors.
Includes: Households; Investments by foreigners in U.S.
real estate, including investments by individuals, pension
funds, insurance companies, and operating companies;
Investment in real estate by corporations that are not
financial intermediaries.
Reasearch studies <Miles 1984 pgs. 355-377> have shown that
real estate returns are equal to, or higher than stock returns
(see Exhibit 1.2). They find lower risk with the real estate and
consequently higher risk-adjusted returns. The correlation of
real estate to stocks is very low, and real estate to bonds
either very low or negative. The correlation of commercial real
estate returns with inflation (real, expected and unexpected) is
high.
Since corporations find it easier to use the commercial
paper markets to raise money, the demand for commercial loans has
not kept pace with the large amount of capital flowing into the
banking institutions. In addition, the falling price of oil in
recent years has led many banks to stop making foreign loans to
those countries whose economies are heavily dependant upon oil
revenues. These events have forced lenders to focus more on
alternatives, including real estate investments.
Year R
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
Average:
11 Year
Standard
Deviation:
Eq
eal
1
1
2
2
2
1
1
1
Table 1.2
Various Rates of Return on Investments
(Percentage Returns)
uity Commercial Stock
Estate Mortgages Bonds Market
8.9% 11.7% 8.6% -17.8%
8.2 9.1 8.8 27.5
0.4 8.0 8.4 23.3
9.2 8.3 8.0 - 3.0
3.2 10.1 8.7 4.6
2.0 13.0 9.6 11.7
8.7 15.2 11.9 19.5
1.5 19.5 14.2 - 3.6
1.4 15.3 13.8 28.2
2.9 12.0 12.0 17.6
8.3 13.2 12.7 8.0
4.0 12.3 10.6 10.5
6.9 3.5 2.3 14.6
Source: 1) Ibbotson and Sinquefield, 1986 pgs. 1-20
2) U.S. Council of Economic Advisors, Economic Indicators
1974-1984 pg. 34
3) Howard, "Return on Investments", Pension and
Investment Age 1984, pg. 96
Foreign investors like United States real estate because it
seems physically and politically safer than investments which
they can purchase within their own country.
The last decade has witnessed heightened interest in real
estate investment for pension fund portfolios. As pension funds
grow toward a 1995 total asset level of three trillion dollars
<Brachman, 1981 pg. 547>, it is only natural that they should
look to commercial real estate, which Ibbotson and Siegel <1983>
show to be a substantial portion of the nation's wealth.
Currently, there is approximately $32.7 billion (or about 3% ) of
pension fund investment in real estate. Exhibit 1.3 shows the
changing distribution of pension assets over the past four years.
Exhibit 1.3
Distribution of Pension Assets
Top 200 Funds
1982 1983 1984 1985
Total Assets
(top 1000) $622.6b $806.1b $861.6b
(top 200) $469.3b $605.6b $641.4b
Stocks 37.0% 44.2% 41.2%
Bonds 39.0% 34.9% 33.4%
Cash 10.5% 8.2% 10.4%
Commercial Mortgages 4.0% 3.5% 2.2%
Real Estate Equity 3.5% 3.3% 3.3%
Mortgaged Backed
Securities --- --- 2.9%
GIC's 3.0% 2.4% 3.0%
Other 3.0% 3.5% 3.6%
Number of top 200
funds investing in
real estate equities 105 113 138
source: Casper, "Annual Pension Survey", Pension
Age, September 1984 pgs. 53-58
$1073. Ob
$812.4b
41.6%
33.3%
8.5%
2.2%
4.2%
3.1%
3.7%
2.6%
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and Investment
By investing in equity real estate through large commingled
funds, pension funds fulfill the "full diversification" mandate
of the Employee Retirement Income Security Act of 1974 (ERISA).
Increases in the stock market have raised total pension asset
values so high, that in some cases, more investment in real
estate is called for to keep portfolios balanced. That has put
additional pressure on the continued development of commercial
real estate.
The allure of real estate syndication to investors and
financial institutions has been greatly increased by the Economic
Recovery and Tax Act (ERTA) of 1981, which shortened the period
for computing depreciation on real estate investments to fifteen
years. That period had previously varied from twenty-two years
to forty years depending on the particular method of calculating
depreciation used. The 1984 tax law extended this period to
eighteen years for commercial real estate investments. This
accelerated depreciation enhanced the tax-shelter benefits of
owning syndicated partnership interests in real properties,
especially if these partnerships were heavily leveraged. In
addition, the sharp drop in interest rates in late 1982 and early
1983 motivated many investors to shift out of the bond market
into real estate equities <Downs, 1985 pg. 9>. Moreover, other
investors, who had profited from the stock market rally in late
1982 and early 1983, decided that stock values had peaked; they
too shifted into real estate equities. All these factors
combined in 1983 to produce a strong demand for limited
partnership interests in real estate syndications. As a result,
a record amount of capital was raised through both public and
private syndication offerings in 1983 (See Exhibit 1.4).
An initial objective of my thesis was to investigate the
direct cash flows into commercial office-space development from
10
financial institutions and private investors. The specific
detail which was desired for this analysis was to show commercial
construction funding, relative to other investments available to
the major institutions for the period 1965 to date.
Unfortunately, these data do not exist or are not readily
available. This may in part be due to the limited number of
regulating and reporting bodies like the commercial banks'
Federal Deposit Insurance Company (FDIC).
Exhibit 1.4
Sales of Limited Partnership Interests
in Public Real Estate Syndications
(millions of dollars)
Type of
Investment 1981 1982 1983 1984 1985 b
Commercial/Residential 603.6 856.6 1533.1 2263.8 2667.3
Commercial 87.5 270.9 788.6 857.9 1236.1
Residential 408.9 497.3 754.0 627.7 435.6
Mortgage Loan 356.2 317.5 875.1 938.7 1923.5
Commercial Net Lease 32.3 173.1 182.6 244.6 359.5
REITs a 205.6 128.7 413.0 1039.1
All others a 150.4 213.4 340.2 590.1
------------------------ -------- ---- --
Total 1,488.5 2,471.3 4,474.5 5,685.9 8,251.2
a -- in 1981 REITs and Other were included in the catagory
"Residential."
b -- estimated
Source: Stanger, "Syndication Sales Data", Real Estate Review,
1982-1986 pg. 12
The most significant data available are the flow of funds of
commercial mortgages. These figures are provided quarterly by
the Federal Reserve Board of Governors and date back to the early
1950's. Concentrating on commercial mortgages made from 1965-
1984, we can model the supply and demand for mortage funds and
identify the significant determinants of the volume of mortgage
lending.
There is a strong belief that, in recent years, the
availability of mortgage or construction loan "take-out" funds
for commercial property has been so large and plentiful, that
this is fueling the construction end of the industry.
Construction lenders are willing to fund projects despite high
vacancy levels, under the assumption that upon satisfactory
completion of the project, money will be available to cover their
loans. A construction lender, therefore, sees a high return on
its construction lending portfolio with a lowered risk because of
the high probability of an available mortgage.
The explosion of commercial mortgage debt since the early
1980s, has helped to refuel the building boom begun in 1979. The
pool of outstanding commercial mortgage debt is now in excess of
$500 billion or about twenty percent of the total outstanding
mortgage debt (see Exhibit 1.5). Recent actions by Standard and
Poor's Corporation has opened the floodgates for the
securitization of these commercial mortgages which will continue
to fuel the real estate capital market.
In 1984, Standard and Poor's established criteria that
enabled it to rate issues of mortgage securities backed by
commercial loans based on the quality of the collateralizing loan
portfolio. These criteria have helped lenders convert their
commercial loans to cash by issuing mortgage-backed securities.
The potential demand for such securities is predicted to be
significant.
Exhibit 1.5
Total Mortgage Debt
(billions of dollars)
% of Multi-family
Year Total Commercial Total Home Residential Farm
---------- - ---------- ----- ------ ----------- ------
1977 $1012.7 $189.6 18.7% $647.8 $111.5 $63.6
1978 1143.0 211.8 18.5 739.3 121.0 71.0
1979 1305.4 236.3 18.1 857.0 129.2 82.8
1980 1434.6 255.5 17.8 950.9 136.2 92.1
1981 1542.7 277.5 18.0 1027.2 135.9 102.0
1982 1617.2 300.8 18.6 1069.7 139.4 107.3
1983 1792.8 348.5 19.4 1185.3 148.8 110.3
1984 2005.3 407.0 20.3 1323.5 162.5 112.3
source: Flow of Funds Accounts Financial Assets and Liabilities
Year-End, 1961-84
Despite the growth in recent years, mortgages remain but a
small portion of the assets of life insurance companies and
pension funds. Most of the assets of pension funds and financial
institutions are in some form of stocks and bonds. Consequently,
a bondlike mortgage-related instrument seems to be an investment
that will compete effectively for the capital available from
these institutions. The end result is a new source of capital
into the commercial mortgage fund market from the secondary
mortgage market.
II. The Mortgage Market Supply and Demand Framework
In seeking to explain the volume of commercial mortgage
loans outstanding, this study analyzes the relationships between
the commercial real estate market and the financial mortgage
market using two equations. The first equation is used to model
the supply and demand of nonresidential real estate which is a
determining factor in the demand for commercial mortgages. The
second equation is used to model a .financial intermediary's
willingness and ability to make commercial loans which determines
the supply of commercial mortgage funds.
The first equation or construction model is the net semi-
annual flow of commercial mortgages as explained by its demand
determinants: the value of existing commercial real estate,
dollar amounts of new construction, vacancy rates, and the real
rates of interest on commercial mortgages. The supply of
nonresidential real estate is made up of existing stock of space
and new construction. The value of existing space would be a
determining factor in the demand for commercial mortgages as a
result of property refinancing and second mortgages. As the
value of properties change over time, investors would attempt to
maintain an optimal debt to equity capital structure on their
commercial real estate portfolios. If the value of existing
properties were to increase, then the debt to equity ratio on a
real estate portfolio would decrease. The investor would
refinance the underlying properties by obtaining more leverage,
in order to maintain his debt to equity objectives. This could
be achieved through refinancing a property by adding more debt in
the form of a mortgage or selling some of his real estate equity.
The construction of new space would be a determining factor
of the demand for new mortgages providing the properties are
leveraged after construction. When a real estate project is
completed, the owner would traditionally take out a mortgage to
pay back the construction financing. However, some investors
(pension funds, life insurance companies, etc.) are purchasing
the properties with very high amounts of equity and very little
debt. Because of the high unexpected inflation of the 1970's,
many capital suppliers are now demanding a much greater share of
the profits from their real estate investments as a hedge against
future shocks. This demand translates into an increased desire
among capital suppliers to own part of or all of the equity in
the properties they finance rather than advance straight loans on
those properties.
The remaining construction factors which determine the
demand for commercial mortgages are the vacancy rate and the real
rate of interest. What determines the value of real estate is
its availablity relative to demand. By incorporating the vacancy
rates of nonresidential real estate as a proxy for this
relationship, one can capture this changing value which in turn
affects the amount of commercial mortgages demanded. The last
variable, the real rate of interest, is determined endogenously
within the model in addition to the dependent variable. The real
rate of interest on first-time commercial mortgages would also be
expected to vary inversly with demand since the interest rate is
reflective of the "price" of mortgages. As the real rate of
interest goes up, an economist would predict a decrease in
demand. This decrease in demand can be achieved through less
building and/or less leverage on new property.
It would seem logical that a real estate developer would
examine the vacancy and real interest rates when deciding whether
or not to build a project. However, a majority have not been
influenced by these factors, but rather by their ability to
obtain construction financing from a lender. Often, a
developer's liability is greatly minimized because of their
limited financial exposure <Downs, 1985 pg. 81>. They obtain
their development fees out of the construction financing and may
not contribute very much to a project in the form of equity.
What has resulted, is a developer who will build when given the
money to do so. The risks and concerns about selling the final
completed product are either dealt with later (by building on a
speculative basis), pre-arranged with a buyer, or passed onto the
construction lender who may end up with a vacant building. In
the later case, the developer has probably already taken his fees
early on and lost out on just his equity interest in the project.
The financial mortgage market model is addressed to the flow
of commercial mortgages as explained by its supply determinants:
the real rates of interest on long-term commercial loans, supply
of capital available to financial intermediaries, a financial
institution's opportunity cost of capital, and foreign exchange
considerations. The primary function of real estate financial
markets is to move capital from those who save to those who
invest in real estate. Financial institutions and intermediaries
bring savers, savings institutions, secondary market
transformers, mortgage originators, and final real estate capital
users together.
The first consideration is the real rate of return on
mortgages. A lender must decide if the real return on a project
is justified given the risk. Institution's should be willing to
supply more funds as the risk-adjusted real rate of interest
increases. Secondly, a financial institution is faced with
having limited access to available funds which can be lent out.
As the total supply of deposits and funds become larger, an
institution would be more likely to issue a larger amount of
commercial mortgages. Thirdly, lending funds in the form of
commercial mortgages must be weighed against alternative forms of
investment available to an institution. These could be other
types of loans (industrial, home mortgages, etc.) or long term
investments in the stock market or in government securities.
These alternative instruments represent an institutions
opportunity cost of capital. A last consideration for the
financial model is foreign investment in U.S. real property in
the form of commercial mortgages. As foreign investors increase
their presence as lenders within the U.S. real estate market, the
supply of commercial mortgages would be expected to increase.
This financial model would determine the supply of
commercial mortgages from the institutional perspective.
However, commercial mortgage lending does not stop with analysis
of these variables. The interaction of the construction model
with the financial model will help to define the true flow of
commercial mortgages. If a developer is willing to build if the
funds are made available, then it must be the case that the
financial institutions are also examining the construction
variables to decide whether a loan should be issued.
III. The Commercial Mortgage Model
The mortgage model contains the two equations:
MORT =
d
MORT =
s
where:
ASSTS
CNSTRCN
DMKT
EXRT
MORT
RR
VALSTK
VAC
Fn(RR, VALSTK, CNSTRCN, VAC, (III.1)
and Instrumental Variables: ASSTS, EXRT, and DMKT)
Fn(RR, ASSTS, EXRT, DMKT, (111.2)
and Instrumental Variables: VALSTK, CNSTRCN, and VAC)
-- Total change in assets of financial institutions (in
billions)
-- The dollar amount of commercial construction in time
period t
-- Percent change in real market rate of return
-- United States dollar exchange rate index
-- The semi-annual net flows of commercial mortgages (in
millions)
-- The real rate of interest on long term commercial
loans (annualized rates)
-- The dollar value of the existing stock of commercial
real estate (in billions)
-- Vacancy rates (annualized percentage rates).
Within this two-equation framework, the exogenous variables
(those variables not determined by the model) are, from the
construction equation: vacancy rates, the amount of construction,
and the amount of existing space and, from the financial
equation: the total assests available to a financial institution,
the strength of the U.S. dollar, and the rate of return on the
stock market. These variables are statistically independent of
their equation's disturbance or error terms.
The remaining two terms, the net flow of commercial
mortgages and the real rate of interest, are endogenous. Many
economists believe that it is the net flow of funds which affect
interest rates <Downs 1985, pg 63>. Because of this, we assume
interest rates and the net flows of commercial mortgages are
mutually determined variables and their market-clearing values
are determined jointly by the interaction of the supply and
demand forces. This dual causality relates mortgages in time
period (t) with interest rates in time period (t).
The dual causality of commercial mortgages and the real rate
of interest, requires the use of two-stage least squares
regression analysis. Using commercial mortgages (MORT) as the
dependent variable, the demand equation can be written as a
function of its independent variables RR, VALSTK, CNSTRCN, and
VAC, and instrumental variables (the independent exogenous
variables from the supply equation). The supply equation is
written as a function of its independent variables RR, ASSTS,
EXRT, and DMKT, and instrumental variables (the independent
exogenous variables from the demand equation).
Together, the two equations simultaneously determine the
values of the two endogenous terms. The endogenous variables are
then solved for in terms of the exogenous variables and the
disturbance. This will be the reduced form of the original
specifications.
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IV. The Variables
The mortgage econometric model uses a two-stage least
squares regression analysis and is based on a twenty year semi-
annual time series data base. The variables within the model
are: interest rates, vacancy rates, value of new office
construction, value of existing stock, return on the market,
amount of mortgages demanded and supplied, ERTA and depreciation,
and financial institution opportunity cost of capital variables.
The meaning and sources of each variable is described below.
Interest/Inflation Rates
The supply and demand of mortgages is explained by the rate
of interest on long term commercial loans (made up primarily of
commercial mortgage rates). Within the model, the real rate of
interest for a given period consists of the annualized prevailing
nominal rates less the current rate of inflation.
The inflation rate is determined by a weighted average of
price changes on all items <Economic Indicators, pg. 18> which
closely matches the Consumer Price Index. Additional inflation
terms were obtained by taking the change and percent change in
inflation rates from one period to the next. These would
represent an individual's expectation of future inflation rates.
The interest rate variable is not lagged since one can
assume that the capital markets clear sufficiently within the
model's semi-annual six month period. This implies that the
interest rate of any previous period has no effect on mortgage
demand today. In addition, the duality condition between the
amount of commercial mortgages and the real rate of interest
would imply that if the interest rate variable was lagged, then
future mortgage demand would have an effect on today's interest
rates.
The capital gains on a property can be represented by the
term:
P'/P = I + B x (vacancy rates) (IV.1)
The rate of appreciation on commercial property (P'/P) is a
function of the inflation rate (I) and the demand for office or
retail space which is reflected as a function (B) of vacancy
rates (since it was pointed out earlier that the value of real
estate is dependent upon its availability relative to supply).
The real after tax rate of financing a real estate project
is represented by the term:
R x (1-Ti) - P'/P x (1-Tg) (IV.2)
where:
R = Nominal interest rate
Ti = Marginal rate of taxation on ordinary income
P'/P = Percentage capital gain on the project
Tg = Marginal rate of taxation on capital gains.
For example, if an investor is borrowing at a 10% annual
pre-tax rate of interest, is in a 50% marginal tax bracket and
expects a capital appreciation of 6.25% annually, then
(substituting into equation IV.2) the actual cost of borrowing
is:
10 * (1 - 0.5) - 6.25 * (1 - 0.20) = 0.0 %
which represents a zero cost. It is assumed that the project is
held for a minimum of ten years to avoid any recapture taxes.
This formulation assumes that the real cost of borrowing is
highly dependent on the difference between property appreciation
(or expected capital gains) and interest rates.
Substituting equation IV.1 into equation IV.2 we get:
R * (1-Ti) - (I+(B)Vacancy) * (1-Tg) (IV.3)
which can be rewritten as:
Rt(1-Ti) - I*(1-Tg) + (1-Tg)*(B)Vacancy (IV.4)
Since the rates of taxation are constant coefficients, the model
uses the equation:
(R-I)l(1-T) + (1-Tg)*(B)Vacancy (IV.5)
or RR*Y + A*Vacancy (IV.6)
where: RR = the real rate of interest on long term commercial
loans which is multiplied by the constant term (1-T).
Y = A constant which represents (1-T)
A = A constant which represents (1-Tg)*B.
The three constants (T, Y, and A) are computed using a two-
stage least squares regression analysis. By obtaining the
coefficient terms of the real rate of interest (RR) and and the
vacancy rate (VAC) from the analysis, B can be further computed
by the relation:
A = YSB or B = A/Y (IV.7)
Vacancy Rates
The vacancy rates are acquired from Building Owners and
Managers Association (BOMA) International <Wheaton, 1985 pg. 12>
and accurately follow observed national vacancy rates over the
twenty year period of the model. Vacancy data represents the
supply and demand conditions of office-space. Because of this, I
assume that this variable could represent a proxy for the capital
gain on commercial real estate. As vacancy rates climb, one
would expect the value of real estate to fall since the income
generated by a property would decrease while investors would
still be demanding the same return from the property.
Essentially, the present value of all expected future cash flows
would decrease. The opposite would hold true if vacancy rates
declined.
The partial regression term, (A)*Vacancy, would be lagged
from 3-5 periods (up to thirty months). This lag takes into
account a "recognition" period which allows time for an
individual to recognize increasing or decreasing vacancy levels
within the market, and then, react to them. An additional
eighteen month lag is used to account for a construction period.
A typical scenario would be vacancy rates declining, being
recognized and then reacted to by an increase in commercial
construction starts. This would take approximately one year. It
would then be an additional eighteen months before a mortgage
"take-out" loan would be demanded and issued on the completed
property.
Value of New Construction
For this measure, the supply of new office space was
compiled from construction contracts by the F. W. Dodge
Corporation <Economic Indicators 1960-1984 pg. 19>. By
appropriately lagging this data, actual inventory increases can
be matched quit closely. As with building permit data, specific
period to period changes tend to be slightly smoother than actual
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completions, since construction timing is frequently subject to
numerous uncertainties. Completions will tend to follow
construction starts with an average eighteen month (3-5 period) lag.
Within the model, the value of new space completed is an
exogenous variable within the demand equation. Since mortgages
represent both first and second financing of commercial space,
this variable would seem to explain only a percentage of the
total mortgages demanded within a given period.
Value of Existing Stock
To help model the demand for second mortgages, the value of
the existing stock of space is used. By summing the value of
completed space from 1960 through 1964, a base value of existing
space was established. The total value of all space in a given
year (t) would be represented by the sum of The Value of Existing
Stock variable for year t and the Value of New Constructed Space
variable for year (t).
This variable is lagged since it is created from
construction data which preceeds completions. The amount of the
lag is approximately 4-5 semi-annual periods (2-2.5 years). This
represents the eighteen month construction contract to completion
period, as defined previously, in addition to a one year lag.
This additional one year (two period) lag is necessary since the
variable for time period (t) is the summation of existing stock
up through time period (t-1). One can also assume that this
variable is used to represent the refinancing of a second
mortgage which would not typically occur within the first year of
completion.
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A Financial Institution's OeportunitY Cost of Ca2ital
The annual returns on corporate bonds, the market, and three
month and ten year treasury bills, are variables used within the
supply side of the model to represent a financial institution's
opportunity cost of capital. Financial institutions have the
option of purchasing long or short term bonds and securities or
"investing" in the market by diversifying their lending portfolio
to achieve a market return. Ten year treasury bills and long-
term corporate bonds, would be the realistic trade-off-
alternatives to providing commercial mortgage debt.
The nominal return on the market is a weighted average of
return to equity and debt held from the beginning to the end of
the year <Ibbotson 1986, pgs 1-20>. The weights used are market
values at the end of the preceeding year. A two-period running
average is used to smooth the data and obtain semi-annual
returns. The annualized real rates of return used within the
model are computed as the difference between the nominal returns
less the rate of inflation. By taking the percentage change in
the market return from one period to the next, a financial
institution's expectation of the market is captured. This
reflects another alternative investment for the institutions
considering commercial mortgage lending.
Commercial Mortgages
These data were obtained from the Federal Reserves' Flow of
Funds Accounts. The net borrowing of commercial mortgages is
derived from the sum of bank and finance company loans, mortgage
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borrowing, open-market paper, Reits and households. The
household data estimates are almost entirely residual and are
derived from data for other sectors. The net lending is derived
from the change in assets of households, governments (Federal,
state, and local), banks, savings institutions, insurance
companies, pension and retirement funds, finance companies and
Reits. The data are unadjusted net flows of commercial
mortgages.
This variable, like interest rates, is endogenous as defined
earlier. Using the same reasoning outlined previously, within
the interest rate definition, this term is not lagged within the
model because of the duality assumption between current interest
rates and current mortgages.
Net commercial mortgage flows must be examined carefully to
understand their true source. If a project is refinanced, the
net change in mortgages could be positive, negative, or even
unchanged, depending on the situation. For example, assume that
in 1986, an office building has an outstanding mortgage of $12
million at a 14% rate of interest (as might be the case if the
mortgage originated in 1980). The owner of the building may
chose to refinance the mortgage at the much more favorable
prevailing 1986 rate of 10%. This would be done by paying back
the $12 million and obtaining a new $12 million mortgage at the
lower rate. The net effect would be zero. An analyst must
determine if the net flows are the result of refinancing of
existing space or current construction financing. These
alternatives are reflected in the model through the Value of
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Existing Stock variable and the Current Construction variable.
ERTA and Depreciation
These variables are used within the model to take into
account tax rule effects. ERTA is represented as a dummy
variable which has a value of 0 (1965-1980) and 1 (1981-1985).
One of the most important effects ERTA had on real estate was the
reduction in a property's depreciable life from forty years to
fifteen (later modified to eighteen years under TEFRA).
A second variable is used to represent the financial
advantages obtained under various depreciation lives. Exhibit
IV.2 shows the results of a calculation of a financial benefit
under the various depreciation rules (as calculated in appendix
B). The depreciation lives used within the analysis are forty-
years, fifteen-years and eighteen-years, representing pre-ERTA
(pre-1981), 1981-1983, and the Tax Reform Act of 1984.
Exhibit IV.2
Financial Benefit of Depreciation Rules
on a $100 Investment (From Appendix B)
Financial Benefit
Discount Pre-ERTA ERTA Tax Reform
Rate (pre-1981) (1981-1983) Act (1984)
------------- ---------- ----------- -------
7% $13.80 $26.12 $23.95
10% 10.60 22.42 20.11
13% 8.45 19.25 16.96
Exchange Value of the U.S. Dollar
One factor which can be used as a proxy for foreign
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investment in U.S. property is the value of the dollar relative
to the foreign currency. The model uses a weighted-average
exchange value of the U.S. dollar <Federal Reserve Bulletin,
1960-1984 pgs. A10-A40>. Using a geometric weighted average,
this index summarizes in one number, the various individual
exchange rates of the dollar against ten major foreign
currencies.
The exchange value of the dollar is used within the supply
model to represent a foreigner's desire to invest in the United
States commercial real estate market. As the U.S. dollar gets
stronger, foreigners would want to be supplying mortgages within
the U.S. as a hedge against their own weakening currency. A one
to three period (up to eighteen months) lag is used as a
recognition time-period.
Total Assets
To represent the funds available within the supply model,
the total outstanding assets of private financial institutions is
used. These would include deposits in commercial banks, saving
institutions, insurance companies (including pension and
retirement funds) and finance companies. Year-end balances were
smoothed using a two-period running average, to obtain semi-
annual values.
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V. Findings and Analysis
Appendix C shows the variables and their data values used
within the construction (commercial mortgage demand) and
financial (commercial mortgage supply) equations.
The Demand Eguation
Equation V.1 shows the demand of commercial mortgages (MORT)
as a function of real interest rates (RR), the value of existing
stock (SVALSTK), the amount of new construction (CNSTRCN) and
vacancy rates (VAC). The numbers in parenthesis represent the
time offset (lag) of the variable. Each variable is
statistically significant within this model ( having a T-
statistic > 2.00) except CNSTRCN (a T-Statistic = 1.487). To
explain these results, an hypothesis would be that this equation
is showing that the value of existing stock is much more
significant in determining the demand for commercial mortgages
then new construction. This importance could be explained by
heavy amounts of equity financing on new properties or
refinancing of old properties.
Equation V.1
The Demand Equation
MORT = -1652 RR +22 VALSTK(-5) +874 CNSTRCN(-5) -770 VAC(-5) +6244
T-Stat: -2.79 2.46 1.49 -3.43 2.06
This equation indicates that net mortgage flows are
negatively related to interest rates, as demonstrated by the
negative coefficient for RR. This agrees with the a-priori
expectation that as interest rates go up, less mortgages would be
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demanded. This is the demand relationship for money, where RR
represents the cost of funds. The result is a downward sloping
demand curve.
There is a positive relation between commercial mortgage
demand and the existing value of stock (VALSTK), lagged five
periods. As the dollar value of existing commercial space goes
up, the value of second mortgages would also be expected to
increase. This would be the case if corporations or investors
were refinancing or selling properties as they increased in
value. Increased refinancing would occur when property values
increased and firms aimed to maintain an optimal capital
structure of debt to equity on their real estate portfolios.
This model shows the VALSTK variable to be significant in
modeling the demand for commercial mortgages. For every billion
dollar increase of existing stock, lagged five periods, one would
estimate an increase in net commercial mortgages of about 22
million, assuming all of the other variables remain constant.
However, since the real rate of interest (RR) is determined
endogenously, we can see that an increase in RR caused by an
increase in VALSTK will act to reduce the amount of commercial
mortgages (MORT) demanded. Since the value of existing stock is
an additive value, any increase in MORT caused by VALSTK would
translate into an increase of this amount for every year
thereafter.
The next variable, vacancy rates lagged five periods, has a
negative sign on its estimated coefficient. This is what would
be expected. As vacancy rates increase, the value of all
commercial space would decrease since the present value of all
future cash flows would go down. It is estimated that for every
percentage point of increased vacancy, net mortgages would
decrease by $763 million five periods ( 2.5 years) later,
assuming all variables remain constant.
The last variable, the value of new construction (CNSTRCN),
would represent the demand for commercial mortgages placed on new
construction. Although the coefficient is statistically
insignificant, it has the expected positive value. If new
construction were to increase by $1 billion, the total demand for
commercial mortgages would increase by $874 million in two years.
Again, this assumes all of the other variables remain constant.
The construction and existing stock variables increase the
demand for commercial mortgages while the interest rate and
vacancy terms decrease the demand. For example, the $874 million
increase in mortgage demand from new construction, should be
analyzed with the -$769 million demand for mortgages per each
percent of vacancy and the -$1,652 million for each percent
increase in RR.
The elasticity of demand can be calculated as:
E = (dMORT/MORT)/(dRR/RR)
d
= RR/MORT x dMORT/dRR.
Using the average value of RR = 3.79, MORT = 9846, and computing
the partial derivative of MORT with respect to RR = -1652 (the
estimated coefficient of RR), we get:
E = 3.79/9846 x (1652) = 0.64
This elasticity is not constant over the model's twenty-year
time frame. It would be associated with the mean of the data
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(around the mid 1970's). An attempt was made at taking the
logorithm of the data to obtain a constant elasticity, since:
E = (dQ/Q)/(dP/P) = dlog(Q)/dlog(P) = -k.
However, negative real rates of interest discouraged this
approach.
Two variables, ERTA and DEPR, were dummy variables initially
used within the model to represent tax requirements and different
depreciation schedules. However, because they were highly
correlated with the new construction (CNSTRCN), real interest
rate (RR), and the value of existing stock (VALSTK) variables
(see exhibit V.1), they were omitted from the model and assumed
to be represented within other variables.
Exhibit V.1
Variable Correlation Matrix
RR VALSTK(-5) CNSTRCN(-5) VAC(-5) ERTA DEPR
RR 1.000
VALSTK(-5) 0.675 1.000
CNSTRCN(-5) 0.813 0.949 1.000
VAC(-5) -0.476 -0.059 -0.227 1.000
ERTA 0.915 0.809 0.912 -0.428 1.000
DEPR -0.917 -0.792 -0.900 0.431 -0.999 1.00
The most significant correlation, is between the new
construction variable and ERTA and DEPR. An hypothesis would be
that when ERTA was enacted (a dummy value of 1), it had a
positive effect on construction because of the enhanced tax
benefits it provided. As the number of years decreased on the
tax code, commercial real estate depreciation schedule,
construction starts would increase. This same analysis logically
carries into the VALSTK, which is just the sum of all new
construction.
To test the effects of the high correlation between the
construction variable (CNSTRCN) and the value of existing stock
(VALSTK) within the construction model, the mortgage demand
equation was reformulated with just one of the two variables
(equations V.2 and V.3).
MORT = -1076 RR + 37 VALSTK(-5) - 763 VAC(-5) + 10161 (V.2)
T-Stat: -4.30 13.04 -4.38 5.33
MORT = -2591 RR + 2211 CNSTRCN(-5) - 814 VAC(-5) + 913 (V.3)
T-Stat: -3.74 6.56 -2.37 0.28
Examining the T-statistics and comparing them to those of
the original demand equation, we can see that each of the
variables has become more significant. Equation V.2 has the
highest T-statistic for each of the variables within the
equation, with VALSTK having a value of over 13. This is a
higher value than the 6.56 T-statistic of the CNSTRCN coefficient
in equation V.3.
Each of the variable's coefficients have the expected signs.
The interest rate and vacancy terms are negative while the value
term is positive. Equation V.2 says that for each $1 billion
increase in the value of existing space (assuming all other
variables are held constant), there will be an additional
increase of $37 million, two years later, in the demand for
commercial mortgages. Equation V.3 says that for each $1 billion
increase in new construction, there will be an additional
increased demand for commercial mortgages of $2.2 billion, two
years later, less any amount endogenously computed by CNSTRCN's
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effect on the real interest rate term.
Eliminating the new-construction variable from the original
equation (V.2) improves the forcasting ability of the model the
greatest amount by producing the highest R-squared (see Exhibit
V.4). This would again, seem to show that the refinancing of
property is statistically more important in forecasting the
demand for commercial mortgages than the value of new
construction.
One last formulation was used to develop a forecast of the
demand for commercial mortgages through a model of the
construction industry. This was achieved by taking the mortgage
demand equation (V.1) and deflating all of the dollar values to
constant 1960 dollars (see equation V.4). Since much of the
"fit" attributed to the value variables (VALSTK and CNSTRCN)
against MORT was due to their mutually increasing values caused
by inflation. By eliminating this correlation, the T-statistics
of VALSTK and CNSTRCN go down, as expected, while the real rate
of interest variable, RR, and the vacancy rate variable, VAC,
become more significant (higher T-statistics) although the
model's R-squared declines overall.
Equation V.4
MORT = -833 RR +945 CNSTRCN(-5) +36 VALSTK -581 VAC(-5) +1350
T-Stat: -4.55 2.28 6.57 -4.74 0.53
Exhibit V.2 displays the regression statistics of the
construction demand model and its three variants, including the
elasticities. Examing the elasticities across the four equations
shows some interesting conclusions. The elasticities range from
highly inelastic (0.41) in equation V.2 to unitary elastic (1.00)
in equation V.3. The difference seems to lie in the fact that as
demand becomes more heavily dependant upon new construction
within the equation (ie. equation V.2, which has no construction
term, to equation V.1, which has both construction and existing
stock terms, to V.3, which has only the construction term) we get
increasing inelasticities. This shows that the demand for
commercial mortgages represented by new construction is less
sensitive to price (interest rates). This would seem to support
the hypothesis that real estate developers are building
properties for a capital appreciation value which would be
expected to offset their cost of borrowing. The after tax cost
of borrowing is less than their expected after tax cost of
appreciation. This can be represented as:
R x (1-T) < P'/P x (1-Tg).
Investors are less sensitive to the cost of borrowing due to
their expectation of property value appreciation and because of
the tax shelter benefits of borrowing.
Equation
V. 1
V.2
V.3
V.4
R-Squar
0.865
0.914
0.671
0.512
Exhibit V.2
Demand Equation Summary Table
T-Statistics
ed Elasticity RR SVALSTK
0.64 -2.75 2.45
0.41 -4.29 13.04
1 O• -- 7A --0.vv
0.69 -4.55 6.57
of Variables
VAC CNSTRCN
-3.43 1.49
-4.38 --
-2.34 6.56
-4.75 2.28
The Supply Eguation
Equation V.5 shows a formula for the supply of commercial
mortgages (MORT) as a function of the real rate of interest (RR),
net change in assets of financial institutions (ASSTS), the
exchange rate value of the United States dollar (EXRT), and the
percent change in the value of stock (DMKT). The T-statistics
for each of the variables, shows that the coefficients are all
significant. The real rate of interest and the net change in
assets, are the most relevant variables with T-statistics of 8.4
and 7.8 respectively. These two terms would be expected to have
the most influence on determining the supply of commercial debt.
Equation V.5
The Supply Equation
MORT = 1680 RR + 282 ASSTS + 106 EXRT(-3) - 160 DMKT - 15597
T-Stat: 8.38 7.79 2.03 -2.01 -2.56
Within this model, the estimated coefficient on RR is
positive. This corresponds to an upward sloping supply schedule.
According to the model, as the rate paid on commercial mortgages
increases, financial institutions would be willing to supply more
funds. This is the supply relationship for money, where RR
represents the cost of funds.
The same positive correlation holds for ASSTS and EXRT.
As the financial institutions obtain more net assets (ASSTS),
there would be more loanable funds available, and hence an
expected greater amount of commercial mortgages issued. The
model says that for every $1 billion dollars in increased net
assets to the financial institutions, they would issue $280
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million of those funds as commercial mortgages. This assumes
that all of the other variables remain constant.
The strength of the dollar lagged three periods, EXRT(-3),
reflects a foreign investor's increased lending within the United
States commercial mortgage market (as explained previously).
When foreign investors recognize that the dollar is getting
stronger or is remaining stronger than their own currency, they
will issue commercial loans in U.S. dollars. The three financial
terms, RR, SDASSTS and EXRT, are all factors which act to
increase the supply of commercial mortgages as their values
increase.
The last financial variable, DMKT, has a negative estimated
coefficient. This is what was expected. As stock prices
increase, financial institutions would be investing more funds
within the market. This would leave less funds available to be
issued as commercial mortgages.
The elasticity of supply can be calculated as:
E = (dMORT/MORT)/(dRR/RR)
s
= 3.79/9845 x 1680 =
= 0.65
This shows the supply of commercial mortgages (equation V.5)
to be relatively more elastic than the demand for funds
(equations V.1 and V.2). This is a reasonable relationship which
says that as the price of commercial mortgages changes, the
financial markets readily adjust the supply of funds by shifting
into or out of other investment opportunities. If the real rate
of interest increased, financial intermediaries would transfer
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capital out of lower risk-adjusted return investments (ie. bonds,
stocks) and be willing to issue a greater quantity of commercial
mortgages. On the other hand, the borrowers of commercial
mortgage funds are relatively less sensative to price changes.
The same increase in interest rates would not cause as large of a
shift in mortgage funds demanded for several reasons. The first
is that borrowers may be passing on the higher cost to tenants,
which may be the case in an inflationary environment where rents
are increasing. The second reason is that borrowers may be
expecting the value of the underlying property to appreciate at
an after-tax rate which exceeds the after-tax financing costs. A
third reason is that a large amount of commercial mortgages
demanded are first mortgages which may place the borrower in a
position of having to obtain his "take-out" financing regardless
of cost. This might be the case if the owner/developer is under
pressure from his construction lender to obtain a mortgage
commitment.
A second financial equation which models the supply of
commercial mortgages was developed by taking the supply equation
variables and deflating all of the dollar values into constant
1960 dollars (see equation V.6). Much of the "fit" attributed to
the value of ASSTS against MORT was due to their mutual
increasing values caused by inflation. By eliminating this
correlation, the T-statistic of ASSTS, RR and DMKT decrease while
EXRT becomes slightly more significant. The models' R-squared
declines as expected (see Exhibit V.3).
MORT = 535 RR + 39 EXRT(-3) - 52 DMKT +273 ASSTS - 5410 (V.6)
T-Stat: 6.65 2.14 
-1.85 7.10 -2.49
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Exhibit V.3
Supply Equation Summary Table
T-Statistics of Variables
Equation
V.5
V.6
R-Squared Elasticity
0.776 -0.65
0.613 -0.44
RR
8.38
6.65 2.14 -1.85
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SDASSTS
7.79
7.10
EXRT
2.03
DMKT
-2.01
VI The Demand and Supply Interaction
The commercial mortgage model uses a two-stage least squares
regression analysis with the variables from the "best" demand
and supply equations developed above. These are:
MORT = -1076 RR +37 SVALSTK(-5) -763 VAC(-5) + 10161 (V.2)
d
MORT = 1680 RR +282 ASSTS +106 EXRT(-3) -161 DMKT -15597 (V.5)
5
and the equilibrium condition: MORT = MORT .
d s
The demand and supply equations have the dependent variable,
MORT, the endogenous variables, MORT and RR, and the instrumental
variables SVALSTK(-5), VAC(-5), DMKT, ASSTS, EXRT(-5).
As was mentioned earlier, changes in the variables result in
either a positive or negative change in the net flow of
commercial mortgages. But since the real rate of interest is
also endogenous, changes in the other variables would cause this
term to change also. What we have is two equations with two
unknown variables, MORT and RR. Solving for the endogenous
variables in terms of the exogenous variables, we get:
MORT = 22 VALSTK(-5) -465 VAC(-5) +111 ASSTS + (VI.1)
42 EXRT(-3) - 64 DMKT -104
RR = 0.013 VALSTK(-5) 
-0.277 VAC(-5) - 0.102 ASSTS - (VI.2)
0.038 EXRT(-3) +0.058 DMKT + 9.346
This is the reduced form of the original equations V.2 and V.5.
Examining equation VI.1, we see that Net Commercial
Mortgages is described as a function of the Value of Existing
Stock (VALSTK) from 2.5 years previous, the Vacancy Rate (VAC)
from 2.5 years previous, the Percent Net Change in Assets of
Financial Institutions (ASSTS), the Strength of the U.S. Dollar
(EXRT) from 1.5 years previous, and a constant. The direction
(positive or negative sign) of each term is what one would
expect.
Commercial mortgages would increase by $22 million each year
if there is a $1 billion increase in the existing stock of space.
This would imply that 2.2% of any net increase in stock is
refinanced or leveraged with a mortgage, each year, assuming all
of the other variables remain constant. Since the total 1984
values of VALSTK and MORT were $1212 billion and $58.8 billion, a
1.0% ($12 billion) change in stock value results in a 0.45%
change in commercial mortgages issued.
Commercial mortgages would decrease by $465 million for each
percentage point increase in vacancy rates. Since higher vacancy
rates imply an increasing surplus of space, the value (capital
appreciation) of all commercial property would be declining.
This would be offsetting the value of refinancing expressed by
the VALSTK term.
For each $1 billion increase in net assets of financial
institutions, $111 million (11.1%) would be issued as commercial
mortgages. Mortages would increase by $42 million for each
increased index point in exchange value of the U.S. dollar; and
decrease by $64 million for each percentage increase in the stock
market.
Examining equation VI.2, we see that Real Rate of Interest
on commercial mortgages are also described as a function of the
Value of Existing Stock (VALSTK) from 2.5 years previous, the
Vacancy Rate (VAC) from 2.5 years previous, the Percent Net
Change in Assets of Financial Institutions (ASSTS), the Strength
of the U.S. Dollar (EXRT) from 1.5 years previous, and a
constant.
The real rate of interest on commercial mortages would be
expected to increase by 0.013 percentage points for each $1
billion increase in the existing stock of space. Real interest
rates would decrease by 0.277 percentage points for each
percentage point increase in vacancy rates and decrease by 0.102
percentage points for each billion increase in assets of
financial institutions. For each increased index point in
exchange value of the U.S. dollar, the real rate of interest on
commercial mortgages will increase by 0.038 percentage points.
There would also be an increase of 0.058 percentage points for
each percentage increase in the stock price index.
Taking these two equations (VI.1 and VI.2) together, one can
follow the effects of a change in one of the exogenous variables.
If the value of stock were to increase by $1 billion, equation
VI.2 tells us that this would increase the real rate of interest
by 0.013 percentage points. Examining equation V.2 and
substituting in these changes, results in an increase in MORT of
$22 million.
MORT = -1076 RR + 37 VALSTK(-5) - 763 VAC(-5) + 10161 (V.2)
= -1076 * (.013) + 37 * (1)
= 22 million
which is the resulting coefficient on VALSTK in equation VI.1.
Another example shows the relative effects of new
construction (CNSTRCN) and the value of existing stock (VALSTK)
on net flows of commercial mortgages. Using equations V.1 and
V.5 we can solve for their reduced form to get equations VI.3 and
VI.4.
MORT = 147.6 ASSTS +55.6 EXRT(-3) -76 DMKT -386.4 VAC(-5) (VI.3)
+440.1 CNSTRCN(-5) +16.8 VALSTK(-5) - 4593
RR = -. 08 ASSTS -. 03 EXRT(-3) +.05 DMKT - .23 VAC(-5) (VI.4)
+.26 CNSTRCN(-5) +.007 VALSTK(-5) +6.55
Substituting in the 1982 values (the 1984 values lagged five
periods) of CNSTRCN and VALSTK and solving, we get:
Forecast of MORT from CNSTRCN(-5) = $ 27.3
x 440.1
$ 12,000 million
Forecast of MORT from VALSTK(-5) = $ 1047.5
x 16.8
$ 17,600 million
Here, we see that the value of existing stock, aside from
being statistically more significant, contributes about 50% more
toward the estimated value of commercial mortgages that will be
demanded in 1984.
Another variable to examine is vacancy rates. If we assume
that all new construction is leveraged with a commercial mortgage
upon completion, vacancy rates would have to climb to 31% before
new mortgages resulting from current construction are cancelled
out by increases in vacancy rates. Of course, all new
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construction is not leveraged and as vacancy rates rise, the
value of existing stock would be decreasing. A possible
equilibrium value for vacancy rates may be the current (1986) 16-
20% rate. In April, 1986, the office vacancy rates were around
20% nationwide and below 10% in only a few locations <National
Real Estate Investor, April 1986>. As a result, effective rents
are falling in most places and firms that have been developing
office space are just now beginning to slow down. Even though by
historical standards, 16% is high, one must consider the overall
affects contributed by the financial markets.
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VII. Conclusions and Future Prospects
In the Mortgage Market Model's reduced form equations, net
commercial mortgages and the real rate of interest are dependent
upon six variables: national vacancy rates, the value of existing
stock of space, the value of current construction, net changes in
assets of financial institutions, return on the stock market, and
the strength of the U.S. dollar. Torto, Wheaton and Associates
have also developed an econometric model of the office market
based on their own set of real variables. In their approach to
understanding the commercial office market, they use a series of
equations with the key variables: office employment, new office
construction and completions, net absorption and vacancy rates.
What is not found within their model are my financial variables.
By including the equations developed within this thesis,
financial influences on the industry can be considered.
Analyzing the net annual flows of commercial mortgages and
their determinants, provides us with additional insight into the
current non-residential building boom. There appears to be many
financial factors contributing to this situation. First is the
return investors have come to expect from commercial real estate
investments. Second is the dramatic increase in the amount of
capital flowing into financial institutions which needs
investment. Third is the underlying source of demand for
commercial mortgages, either from refinancing existing properties
or from new construction. The last factor is how a financial
institution's opportunity cost of capital affects their
commercial mortgage lending.
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Over the past decade, lenders have witnessed returns on
their commercial mortgage portfolios to be equal to or higher
than their stock market or bond investments. Commercial
mortgages in combination with some sort of equity participation
in a real estate project, in general, provided an inflation
hedge, a steady income stream, appreciation opportunities and
relative stability compared to stocks. This was evident during
the early 1980's when interest rates and inflation soared into
the high teen's. At this time, financial institutions began
asking for equity participation in real estate projects in return
for lending money at below-market rates. This participation took
the form of lenders receiving part of a property's cash flow
and/or appreciation value; both of which would presumably
increase in value in response to inflationary pressures. The
result has been an increasing amount of willingness by financial
intermediaries to supply commercial mortgages. However, because
of increased equity participation by financial institutions, the
actual levels of permanent commercial property financing are
presumed to be higher than the amounts predicted within this
paper.
The increasing flow of capital into nonresidential real
estate despite high vacancy risks can be partially attributed to
the large amounts of funds being made available to financial
institutions. One of the variables within the reduced form
mortgage equation (VI.1) is the Net Change in Financial Assets of
commercial mortgage lending institutions. My model shows that
over ten percent of these net assets are invested in the form of
commercial mortgages.
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Many diverse factors are contributing to the recent increase
in the financial assets of mortgage lenders. Some are the
increases in stock prices, reduced demand for corporate
borrowing, and increased securitization of commercial mortgages.
The availability of investment projects has not kept pace with
the growth in assets of mortgage lending institutions. There is
too much money chasing too few investment projects resulting in
over-building of commercial office space. Over the past couple
of years, this has resulted in a growth in the level of
commercial construction despite apparent declines in
profitability of such investments and their social value.
The increasing amount of commercial office vacancy is having
an effect upon the net flow of commercial mortgages. According
to the commercial mortgage equation (VI.I), each percentage point
increase in vacancy will tend to reduce the net flow of
commercial mortgages by $465 million. However, what must be
considered is the time lag associated with this variable and the
relative affect it has on total net flow of commercial mortgages.
Due to the variable's lag of five periods (up to two and a half
years), the vacancy rates affecting net flows of commercial
mortgages in 1984 are those from early 1982 (about 8-9%). As the
more current 10-20% rates begin to take effect over the next
couple of years, the model shows that this will cause a reduction
in the net flow of commercial mortgages if all of the other
variables remain constant. Looking at the possible amount of
reduction in commercial mortgages resulting from future
increasing vacancy levels, we see that the 1984 level of 16.5%
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will reduce the total net flow of commercial mortgages by $3.5
billion if all of the other variables remain constant. While
this amount represents ten percent of the current 1984 value, if
one estimates the 1987 value of the net flow of commercial
mortgages which would be associated with this vacancy value
(because of the lag), this percentage would more than likely
decline since the level of commercial mortgages will be higher
due to the other factors mentioned above. The conclusion here is
that the recent high levels of vacancy are just now beginning to
take their full toll on reducing the net flow of commercial
mortgages and could, over the next few years, cause a sizable
impact.
As vacancy rates increase, one has to consider the factors
which cause a reduction in the flow of net commercial mortgages.
The sources are (1) less new construction demanding permanent
financing and (2) a decrease in the value of all commercial real
estate causing a lower level of refinancing. Using the financial
model, we can see that approximately forty percent of net
commercial mortgages goes toward new construction, while the rest
is new refinancing of existing properties. At the same time, the
mortgage equation (VI.1) says that a major reduction in
commercial mortgages will be caused by increasing vacancy rates
which in turn will be lowering the value of existing space and
the amount of refinancing.
Another financial variable affecting net flows of commercial
mortgages is the change in stock prices. Within the past two
years, the stock market index has increased 65%, with the Dow
Jones Industrial Average going from a low of 1100 in April, 1984
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to over 1800 in April, 1986. This has caused many financial
institutions to begin favoring stock investments, reducing their
lending of commercial mortgages even further. On the other side
of the coin, are financial institutions which have made
substantial gains in the stock and bond markets and may now want
to diversify those gains by issuing commercial mortgages.
Since the mortgage equation uses the percentage change in
the stock index rather than the index itself, we can capture an
investors future expectation about market returns. What one must
realize is that if the market index continues to rise, but at a
slower rate than the previous period (six month periods), than
this will act to increase the net flow of commercial mortgages.
The model shows that for each percentage decrease from the
previous period's return, net mortgages will increase by $64
million. As a result of current economic conditions, it is my
guess that most of the large gains in the market have already
taken place. Therefore, the markets continuing slower increase,
will act to raise the amount of commercial mortgages over the
next couple of years.
A second set of conclusions can be formulated about the real
rate of interest on commercial mortgages from equation VI.2.
This equation tells us that as the value of existing stock
continues to increase, this will tend to increase the real rate
of interest on commercial mortgages. A one percent increase in
the value of existing stock will increase the real rate of
interest on commercial mortgages by 1.36%. Similarly, a decrease
in the value of existing space will reduce the real rate of
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interest on commercial mortgages. If the value of existing stock
decreases in the periods ahead because of higher vacancy rates,
then the reduction in interest rates currently taking place
(1986) will be further amplified.
It is interesting to note that as the vacancy rate and
assets of financial institutions continue to increase, and the
exchange value of the dollar continues to decrease, the model
predicts a decline in the real rate of interest on commercial
mortgages at least through 1987 (since the vacancy and exchange
variables are lagged).
By combining the Torto, Wheaton office market equations with
my financial model, one can obtain a broad picture of the
interaction between the construction market variables
(construction levels and vacancy rates) and financial market
variables (interest rates and flow of funds into commercial real
estate). In order to obtain the fullest advantage from this set
of equations, one could use them to predict future values of net
commercial mortgages and real rates of interest on commercial
mortgages.
An accurate forecast of future net commercial mortgages and
real rates of interest on commercial mortgages would entail a
prediction of future values for each of their component
variables. The remaining portion of this chapter examines
possible relative and absolute changes of the model's variables
and how those changes might relate to commercial mortgages and
interest rates over the latter half of the 1980's.
The Bureau of Labor Statistics estimates that work force
growth is currently averaging about 1.3% a year, about half the
annual growth rate in the 1970's, when the economy absorbed the
postwar "baby boom" and an increase of women workers <Wall Street
Journal, April 14, 1986 pg 1>. They expect the growth rate to
continue falling to about 1% a year by the year 1990. Because of
this and other data, Torto and Wheaton expect the growth rate in
office employment to decline. They have forecast a smooth and
somewhat slower growth in office employment from 1986 through
1990.
Wheaton predicts that the office market will respond to this
employment forecast with a continued increase in the national
vacancy rate from the current 16% to 18% in the late 1980's
<Wheaton 1985, pgs 7-16>. This is due in part to the high levels
of construction which, in the short run, will be too high
relative to the forecasted absorption rates. This scenario
points to a market where vacancy rates will remain high, forcing
rents to be lower, throughout the latter half of the decade.
These lower rents will translate into a reduction in value of the
existing stock of space (in real dollars).
The question of how much construction will decline will be
answered, in part, from action taken to restrict real estate tax
benefits. If proposed legislation is enacted, there would result
changes in allowed depreciation, capital gains rates and the
interest deductions that would reduce the tax benefits and
returns available from real estate. Just as construction may
have increased by tax cuts in 1981, proposed tax increases, if
enacted, may limit future construction.
If construction were to continue at its current rate,
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national vacancy levels could easily rise over 20% by 1990.
Alternatively, if construction starts were to stop dead, with no
new buildings breaking ground before 1990, vacancy levels would
likely fall to about 8-10% nationally <National Real Estate
Investor March 1986 pg 24>. Reality will probably fall
somewhere in between, with a reduced level of construction (as
forecasted by Torto and Wheaton).
The amount of capital available for investment in real
estate will be increasing over the next semi-decade. Real estate
investments, in the form of commercial mortgages, provide
diversification opportunities as well as a possible hedge against
inflation which many institutions are now regarding as an
essential qualification for their portfolios. The recent
introduction of commercial mortgage backed securities is expected
to provide a major influence toward future increases in the
capital available for commercial mortgages. Together, these
factors will act to increase the amount of capital available for
investment in real estate throughout the rest of the decade.
As the price of oil continues to drop from over $30 a barrel
to a current value of $13 <Wall Street Journal May 5, 1986 pg.
44>, stocks have increased to record high levels while interest
rates have plunged. The U.S. dollar, having peaked in early
1985, continues on a gradual decline. Although these economic
variables are difficult to predict, I believe they will continue
on their current paths at a slower rate throughout the rest of
the decade.
My model suggests that the net effect on net commercial
mortgages (MORT) and the real rate of interest on commercial
mortgages (RR) based on these assumptions will be a continual
increase in commercial mortgages, and an initial reduction in real
interest rates of commercial mortgages followed by an increase
over the next five years.
Exhibit VII.1
Estimated Relative Changes
in the Components of
Commercial Mortgages and Real Interest Rates
MORT = Fn( VALSTK VAC ASSETS EXRT DMKT)
relative change: (+) (+) (+) (+) (-) (+)
RR = Fn( VALSTK VAC ASSETS EXRT DMKT)
relative change: (-,+) (+) (+) (+) (-) (-)
By using forecasts from Wheaton's Office-Market Model and my
own estimates of changes in financial variables (Appendix D), I
have developed a five year forecast of the net flow of commercial
mortgages and the real rate of interest of commercial mortgages.
This forecast shows commercial mortgages increasing gradually
throughout the rest of the decade from a current value of $37.8
billion to a stable $42.5 billion in the early 1990's. The real
rate of interest on commercial mortgages will continue on a
decline until around mid 1987 then increase back up to its
current level of about 5-6 percent. Exhibit VII.2 shows my
estimates of these values from the model for the period of 1985-
1991.
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Exhibit VII.2
Forecasted Values of Net Flows of
Commercial Mortgages and
Real Rates of Interest on Commercial Mortgages
Net Flow of
Commercial Mortgages
$34,086 (million)
38,198
40,236
41,323
42,048
1991 42,539
Real Rates of Interest
of Commercial Mortgages
3.567%
2.82
3.91
4.78
5.38
YEAR
1986
1987
1988
1989
1990
Appendix A: The Reduced Form of the Model in Constant (1960)
Dollars
Taking the constant dollar model equations (V.4 and V.6) and
solving for their reduced form provides a solution which includes
statistically significant separate new-construction and stock-
value variables.
MORT = 370 CNSTRCN(-5) +14 VALSTK(-5) -227 VAC(-5) (A.1)
+24 EXRT(-3) -32 DMKT +166 ASSTS -2766
RR = 0.69 CNSTRCN(-5) +0.03 VALSTK(-5) -0.43 VAC(-5) (A.2)
-0.03 EXRT(-3) + 0.04 DMKT -0.2 ASSTS +4.94
In order to gain another perspective on the effects of new
construction (CNSTRCN) first mortgages and the value of existing
stock (VALSTK) refinancing on the flow of net commercial
mortgages (MORT), the 1984 value of MORT is solved using the
CNSTRCN and VALSTK terms. Substituting in the 1982 values (the
1984 values lagged five periods) of CNSTRCN and VALSTK and
solving, we get:
Forecast of MORT from CNSTRCN(-5) = $ 8.91
x 370.
$ 3,300 million
Forecast of MORT from VALSTK(-5) = $ 342
x 14
$ 4,800 million
Here, we see that the value of existing stock, contributes
about 45% more toward the estimated value of commercial mortgages
that will be demanded in 1984. This further confirms the results
obtained previously.
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Appendix B: Financial Benefit of Depreciation Rules
This section calculates a financial benefit of the various
depreciation lives. The depreciation lives used within this
analysis are forty years, fifteen years, and eighteen years,
representing pre-ERTA (pre-1981), 1981-1983, and the Tax Reform
Act of 1984.
It is assumed within this analysis, that 90 percent of a
given real estate investment is depreciable. We also assume that
there is no ammortization of debt in any of the cases. The
optimal holding period would be 40+ years under these and other
various assumptions. <Alberts>
In the first case, straight-line depreciation is used on the
initial real estate investment. Each year, the fifty-percent tax
bracket investor would take $2.25 of depreciation for every $100
worth of investment:
number of periods n = 40
amount of investment I = 100 x 0.9 = 90
Annual Depreciation = I/n
= 90/40
= 2.25
Seven-percent, ten-percent and thirteen-percent discount rates
are used to calculate the present value of the tax deferral plus
the twenty-percent capital gains tax liability at the end of the
holding period. The benefit as a percentage of asset value is
also computed within the exhibit.
The Economic Recovery Tax Act of 1981 changed the
assumptions from a forty-year straight-line depreciation schedule
to a fifteen-year Accelerated Cost Recovery System (ACRS)
schedule. This amounted to an ordinary income tax deferral equal
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to one-fifteenth of the depreciable asset value each of the
fifteen years plus a permanent forgiveness (capital gains
exclusion) of sixty percent of the deferred tax when the asset
was sold at the end of the 40th year. An assumed twenty percent
capital gains rate is used to calculate the tax liability at
sale. Using the same seven, ten, and thirteen percent discount
values, the financial benefits granted by ERTA are computed for
the marginal fifty-percent tax bracket investor.
The Tax Reform Act of 1984 increased the depreciable life
from a fifteen-year to an eighteen-year ACRS schedule. The
financial benefits provided by this ruling are calculated with
the previous assumptions used under the ERTA analysis.
Exhibit B.1
Benefit Analysis
Pre-ERTA
(1)
Years
1-39
40
Net Present
Net Present
Net Present
(2)
Annual
Depreciation
$2.25
2.25
Value at 7% of
Value at 10% of
Value at 13% of
(3)
Annual
Tax Benefit
$1.13
1.13
(3)+(4) = $13.8C
(3)+(4) = 10.6C
(3)+(4) = 8.45
(4)
Tax Benefit At
Sale (Year 40)
$ 0.00
- 18.00
ERTA
(1) (2) (3) (4)
Annual Annual Tax Benefit At
Years Depreciation Tax Benefit Sale (Year 40)
------------ ---------- ----------- -----------
1-15 $6.00 $3.00 $0.00
16-39 0.00 0.00 0.00
40 0.00 0.00 
-18.00
Net Present Value at 7% of (3)+(4) = $26.12
Net Present Value at 10% of (3)+(4) = 22.42
Net Present Value at 13% of (3)+(4) = 19.25
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Post-ERTA
(2)
Annual
Depreciation
$5.00
0.00
0.00
(3)
Annual
Tax Benefit
$2.50
0.00
0.00
(4)
Tax Benefit At
Sale (Year 40)
$0.00
0.00
-18.00
Net Present Value at 7% of (3)+(4) = $23.95
Net Present Value at 10% of (3)+(4) = 20.11
Net Present Value at 13% of (3)+(4) = 16.96
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(1)
Years
1-18
19-39
40
APPENDIX C
EDUATION VARIABLES AND THEIR DATA VALUES
(1965-1984)
YEAR NORT RR CNSTRCN VALSTK VAC ASSETS EXRT DMKT
1965.0
1965.5
1966.0
1966.5
1967.0
1967.5
1968.0
1968.5
1969.0
1969.5
1970.0
1970.5
1971.0
1971.5
1972.0
1972.5
1973.0
1973.5
1974.0
1974.5
1975.0
1975.5
1976.0
1976.5
1977.0
1977.5
1978.0
1978.5
1979.0
1979.5
1980.0
1980.5
1981.0
1981.5
1982.0
1982.5
1983.0
1983.5
1984.0
1984.5
1989
2426
3070
2611
2067
2617
2822
3878
2685
3150
2776
4389
3588
8696
7328
9429
9690
9458
8521
6731
4162
7077
4750
7159
5944
12195
10525
11502
11026
13325
8879
10315
11104
11144
11353
13968
20959
26697
27545
31220
2.17
3.10
1.66
2.37
3.72
2.20
1.94
2.31
0.86
2.96
2.46
3.69
2.60
3.96
2.76
2.89
-0.61
1.05
-1.41
1.02
2.44
1.88
3.22
3.37
-0.56
4.00
0.23
2.59
-0.55
1.10
2.85
3.97
11.06
10.78
11.38
11.53
8.44
7.99
8.32
10.01
5.6
6.1
7.0
6.7
6.8
6.4
6.9
7.1
7.9
8.6
8.6
7.9
8.4
8.6
9.1
9.0
10.4
11.2
11.9
11.9
10.7
10.0
9.9
9.6
10.2
11.5
12.9
15.9
17.9
20.6
22.6
21.0
24.3
26.1
27.3
26.6
24.7
24.8
29.9
33.6
37.14
45.34
51.58
58.24
67.11
76.32
80.17
84.30
92.92
102.07
120.03
140.66
153.66
167.21
166.82
167.63
177.99
189.12
228.91
276.81
325.78
394.96
383.79
373.22
363.12
357.18
367.40
379.62
444,39
509.68
599.37
704.86
782.49
862.75
1047.48
1291.19
1190.32
1096.64
1155.32
1211.80
7.85
8.02
7.36
8.43
8.45
8.21
7.85
6.54
4.93
4.75
6.00
7.03
7.56
9.93
12.23
12.63
13.78
12.39
14.20
14.40
13.12
14.03
15.00
14.04
12.42
11.04
8.01
7.80
6.43
5.94
5.68
7.42
6.19
6.64
8.60
10.62
12.80
15.44
16.10
16.80
12.775
12.750
10.850
8.950
9.000
9.050
10.200
11.350
11.100
10.850
10.350
9.850
15.050
20.250
25.100
29.950
31.250
32.550
25.650
18.750
17.600
16.450
23.525
30.600
38.825
47.050
49.400
51.750
49.275
46.800
38.875
30.950
28.150
25.350
9.400
-6.550
19.625
45.800
57.850
69.900
119.00
119.00
119.00
119.00
119.79
119.74
122.00
121.98
122.29
123.82
121.60
120.62
120.18
115.78
108.36
109.06
100.00
95.11
101.57
102.91
93.93
103.10
105.12
105.70
105.19
103.77
98.08
92.39
90.24
88.09
87.74
87.39
95.17
102.94
109.76
116.57
120.96
125.34
131.77
138.19
-0.010
-0.068
-1.157
6.021
-1.368
3.029
-0.347
-0.451
-2.097
1.512
-0.479
-1.098
6.758
0.972
-0.007
-0.024
-1.572
2.257
0.274
0.083
-0.934
-11.568
0.004
-0.093
-0.928
-6.465
0.137
-0.572
0.234
-0.759
-2.494
5.177
-1.027
45.526
-1.548
2.767
-0.242
-0.330
-0.349
-0.514
Appendix D: A Commercial Mortgage and Real Interest Rate Forecast
From 1986 to 1991 (sample begins in 1960).
This forecast is based upon the assumptions discussed in
chapter VII. The first variable, the value of existing stock
(VALSTK) will be increasing throughout the next five years. This
is based upon forecasted construction values <Wheaton 1985> and
my own estimates of value on the new stock. This will act to
decrease both net commercial mortgages (MORT) and the real rate
of interest on commercial mortgages (RR). The second variable,
vacancy rates (VAC), will be approaching twenty percent as
forcasted by Wheaton. This will act to decrease the net flow of
commercial mortgages and interest rates. I predict that the net
change in assets of financial institutions will be increasing
over the next five years, increasing the amount of funds issued
as commercial mortgages and decreasing the interest rate. The
strength of the U.S. dollar will continue on a gradual decline,
reducing both the amount of commercial mortgages issued and the
real rate of interest.
VAC ASSTS EXRT
1975 1975.0
1975.5
1976.0
1976.5
1977.0
1977.5
1978.0
1978.5
1979.0
1979.5
1980 1980.0
1980.5
1981.0
1981.5
1982.0
1982.5
1983.0
1983.5
1984.0
1984.5
1985 1985.0
1985.5
1986.0
1986.5
1987.0
1987.5
1988.0
1988.5
1989.0
1989.5
1990 1990.0
1990.5
1991.0
325.78
394.96
383.79
373.22
363.12
357.18
367.40
379.62
444.39
509.68
599.37
704.86
782.49
862.75
1047.48
1291.19
1190.32
1096.63
1155.32
1211.80
1234.37
1265.85
1298.25
1330.97
1362.75
1392.68
1421.38
1448.23
1473.85
1497.91
1521.37
1543.90
1565.81
13.12
14.03
15.00
14.04
12.42
11.04
8.01
7.80
6.43
5.94
5.68
7.42
6.19
6.64
8.50
10.62
12.80
15.44
16.10
16.80
16.60
16.44
16.47
16.54
16.81
17.27
17.78
18.39
19.01
19.64
20.24
20.81
21.35
17.60
16.45
23.53
30.60
38.83
47.05
49.40
51.75
49.28'
46.80
38.86
30.95
28.15
25.35
9.40
-6.55
19.63
45,80
57.85
69.90
82.48
95.68
105.25
113.67
120.49
126.51
131.57
132.89
133.02
133.11
133.17
133.19
133.21
93.93
103.04
105.12
105.70
105.19
103.77
98.08
92.39
90.24
88.09
87.74
87.39
95.17
102.94
109.76
116.57
120.96
125.34
131.77
138.19
144.10
144.00
138.00
131.50
125.00
120.50
116.00
113.00
110.00
107.50
105.00
102.50
100.00
YEAR VALSTK
Source: Torto, Wheaton, and Associates, National Office Market Forecast 1985
J. Baevsky, Estimated Predictions
HKT DNKT MORT RR
-1.94 -0.93 4162 2.44
20.49 -11.56 7077 1.88
20.58 .00 4750 3.22
18.67 -0.09 7159 3.37
1.35 -0.93 5944 -0.56
-7.37 -6.46 11013 0.78
-8.38 0.14 11975 1.55
-3.59 -0.57 11563 0.87
-4.43 0.23 11392 1.35
-1.07 -0.76 11472 2.08
1.60 -2.49 10974 3.31
9.86 5.17 11149 5.62
-0.27 -1.03 11511 5.84
-12.60 45.67 10259 10.07
6.90 -1.55 13160 9.96
26.02 2.77 13533 12.78
19.72 -0.24 18471 10.53
13.22 -0.33 23947 8.94
8.60 -0.35 27129 8.37
4.18 -0.51 31860 8.85
1.00 -0.76 37832 9.97
2.67 1.67 36179 6.61
12.78 3.79 34086 3.56
20.00 0.56 36459 2.87
10.00 -0.50 38198 2.66
8.00 -0.20 39185 2.63
7.00 -0.13 40236 2.82
6.00 -0.14 40809 3.35
5.00 -0.17 41323 3.91
4.00 -0.20 41720 4.41
3.00 -0.25 42048 4.78
2.00 -0.33 42324 5.11
1.00 -0.50 42539 5.38
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